Development of microscopic systems for high-speed dual-excitation ratiometric Ca2+ imaging.
For quantitative measurements of Ca(2+) concentration ([Ca(2+)]), ratiometric dyes are preferable, because the use of such dyes allows for correction of uneven loading or partitioning of dye within the cell as well as variations in cell thickness. Although dual-excitation ratiometric dyes for measuring [Ca(2+)], such as Fura-2, Fura-Red, and ratiometric-pericam, are widely used for a variety of applications, it has been difficult to use them for monitoring very fast Ca(2+) dynamics or Ca(2+) changes in highly motile cells. To overcome this problem, we have developed three new dual-excitation ratiometry systems. (1) A system in which two laser beams are alternated on every scanning line, allowing us to obtain confocal images using dual-excitation ratiometric dyes. This system increases the rate at which ratio measurements can be made to 200 Hz and provides confocal images at 1-10 Hz depending on the image size. (2) A truly simultaneous dual-excitation ratiometry system that used linearly polarized excitation light and polarization detection, allowing us to obtain ratiometric images without any time lag. This system, however, is based on statistical features of the fluorescence polarization and is limited to samples that contain a large number of fluorophores. In addition, this method requires complicated calculations. (3) An efficient, nearly simultaneous dual-excitation ratiometry system that allows us to rapidly switch between two synchronized excitation-detection components by employing two high-power light-emitting diodes (LEDs) and two high-speed liquid crystal shutters. The open/close operation of the two shutters is synchronized with the on/off switching of the two LEDs. This system increases the rate at which ratio measurements are made to 1 kHz, and provides ratio images at 10-100 Hz depending on the signal intensity.